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子就彼此靠近形成激发态二聚体，从而使得其荧光发射波长从 400 nm 附近位移






直接检测。具体原理是先将两段 DNA 片段（A 和 B）分别嫁接到线性聚丙烯酰










































The ability to monitor important molecules with good sensitivity and excellent 
selectivity offers significant challenge for bio-analytical processes. The key to the 
successful signaling of these precesses is the use of molecular probes. Aptamers are a 
new class of nucleic acid probes, which are ssDNA/RNA molecules selected to target 
a wide range of ions, molecules and even cells through SELEX (Systematic Evolution 
of Ligands by EXponential enrichment) technique. Because of their high affinity and 
specifity, easy synthesis, conveniently functional modification and good stability, 
aptamers have great potential in biomedical research, clinical diagnosis and therapy. 
In this thesis, three important molecules, cocaine, adenosine and thrombin, are chosen 
as model molecules. To achieve the purpose of signal amplification and visual 
detection, a fluorescent splitting aptamer probe and DNA aptamer cross-linked 
hydrogel have been designed for simple, rapid and real-time monitoring of these 
molecules. The research work of this thesis is summarized as follows:  
(1) A general approach to tailor aptamer sequence into functional subunits to 
design target-induced lightswitching excimer sensors for rapid, sensitive and selective 
detection of important molecules in complex biological fluids has been developed. 
Our approach is to split one single strand aptamer into two pieces and each terminally 
labeled with a pyrene molecule while maintaining their binding affinity to target 
molecules. In the presence of target molecules, two aptamer fragments are induced to 
self-assemble to form aptamer–target complex and bring two pyrene molecules into a 
close proximity to form an excimer, resulting in fluorescent switching from ∼400nm 
to 485 nm. With an anti-cocaine sensor, as low as 1 μM of cocaine can be detected 
using steady-state fluorescence assays and more importantly low picomole level of 
target can be directly visualized with naked eyes. Because the excimer has a long 
fluorescence lifetime, time-resolved measurements were used to directly detect as low 















This method has offered a simple, fast and direct analysis or monitoring of significant 
molecules in complex biological samples in many biological study, clinical diagnosis 
and forensic investigations. 
(2) A hydrogel system with aptamer as crosslinker and recognition element for 
signal amplification has been designed for the visual detection of significant 
molecules. Visual detection is an increasingly attractive method in many fields 
because both qualitative and semiquantitative assessment can be performed in real 
time without any advanced or complicated instrumentation. It is especially useful for 
rapid diagnostics in disaster situations, home healthcare settings, and in poorly 
equipped rural areas, where low cost, rapidity, and simplicity are essential. Two pieces 
of DNA, strand A and strand B, are grafted onto linear polyacrylamide polymers to 
form polymer strands A and B (PS-A and PS-B), respectively. The addition of aptamer 
linker-Apt initiates hybridization of strand A and strand B with the aptamer sequence, 
thus cross-linking the linear polyacrylamide polymers. As the hybridization proceeds, 
the cross-linking ratio of polyacrylamide increases, which results in the increase of 
viscosity of the polymer solution. The polymer will finally transform into a gel. The 
gel–sol transition of a enzyme-caged hydrogel has been efficiently controlled by 
target binding events, which trigger release of enzyme to take part in its catalytic role 
for signal amplification (see picture). As low as 20 ng of cocaine can be visually 
detected within 10 min without any aid of sophisticated instrumentation. 
In summary, because of many advantages including low-cost, simple, fast, 
sensitivity, selectivity and stability, the new materials, signaling transduction and 
amplification methods developed in this research have the potential for developing 
sensitive and effective molecular probes for bioanalysis and diagnosis. 
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作用。基于组合化学原理的指数富集的配体系统进化（Systematic Evolution of 








1.1 SELEX 技术 
1.1.1 SELEX 技术的基本原理 
核酸适体技术是由美国 L. Gold 和 J. Szostak（2009 年诺贝尔奖获得者）两
个研究组 早提出的。1990 年 Gold[7]研究组运用体外筛选技术获得能与 T4 DNA

































Fig 1.1 In vitro selection of target-specific aptamers using SELEX technology [10] 
SELEX 技术的工作流程通常包括以下几个步骤源自[10](如图 1.1 所示)：（1）运
用分子生物学技术,人工设计并合成容量庞大的（1015 —1018）单链随机寡核苷酸
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